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ABSTRACT

This report presents the results of a study to deter-
mine a method of predicting the first maximum pitch of low
drag bombs ejected from A3D type aircraft by means of the
Aero 7A Domb Ejector Rack. The conclusions reached herein
are: (1) the theoretical solution assuming free stream
conditions and linear aerodynamic moments is a satisfactor!
method of predicting first maximum pitch for the conditions
under which the test data were obtained, (2) the difference
between the observed first maximum pitch of the M k 81 bomb
with nose plug and that of the 1k 81 bomb with nose fuze is
due to the difference in the positions of center of gravity
which results in the bombs being ejected with different
angular rates, (3) there is no apparent correlation between
tho magnitude of the first maximum pitch and the location
of the bomb rack in the bomb bay, and (4) there is no
difference apparent between the magnitudes of the first max-
imum pitch of those bombs that had bad flight and those
bombs that had good flight (when released at the same con-
ditions). In addition, it is believed that the theoretical
free stream solution developed herein will satisfactorily
predict the first maximum pitch of other bombs ejected from
the A3D aircraft by the Aero 7A bomb rack provided that
(a) the ejection velocity of the bombs is at least 10 feet
per second, and (b) the angular velocity! of the bombs does
not exceed 300 degrees per second, and (c) the ratio of
weight to longitudinal cross section area of the bombs is
no smaller than that of the subject bombs. 4 stud,. is now
in progress to predict the range effects due to the first
maximum pitch reported herein; if this study is concluded
satisfactorily, one will have reasonable confidence that
the procedures are suitable for use under a variety of con-
ditions, thus eliminating the necessity of extensive bal-
listic tests for the purpose of preparing bombing tables
for the A3D airplane.

ii COTIFID7MTIAL
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FOREWORD

This report contains the results of a study to deter-
mine a method of predicting the first maximrm pitch of low
drag bombs released from the bomb bay of A3D airplane in
horizontal flight. The tests that provide the basic data
in this report were conducted at the Naval Weapons Labora-
tory between August 1956 and July 1957 under the direction
of J. E. Mitchell, Computation and Analysis Laboratory.
These tests were performed and the study was conducted
under Task Assignment NO 103-666/64042/01-064. The Naral
Air Test Center, Patuxent, Maryland provided the services
of the A3D aircraft us-d in the tests discussed in this
report. This report has been reviewed by:

A. L. JONES, Head, Theory and Analysis Division
R. A. NIEMANN, Director, Computation and Analysis

Laboratory

iii CONFIDENTIAL



I

CONFIDENTIAL NWL REPORT NO. 1683

INTRODUCTION

Ballistic tables for the low drag bombs with nose fuze
plugs (Electric fuzes) are based on ballistic data obtained
from drops at conditions which, it was believed, would pro-
duce small initial pitch. Photographic records and disper-
sion data indicate that these bombs usually had stable
fli.ght (i.e., about 90 percent of the bombs were stable).
Later, for the purpose of determining whether the ballistic
tables for the low drag bombs are applicable to release
conditions other than those of the original tests, additional
ballistic data were obtained for the Ilk 81, Mk 82 and Ilk 83
bombs released from the AD type airplane in a dive (see
reference 1) and the Mk 81 and Mk 82 bombs released from the
A3D airplane in horizontal flight (see reference 2).

Tests of the Mk 8! and Mk 82 bombs, with nose fuze plugs
or with AN/Y-103A1 mechanical nose fuze, released from A3D
aircraft in horizontal flight indicated that these bombs
were unsuitable for service use under the release conditions
of the test (approximately 8,000 to 10,000 feet true altitude,
200 to 500 knots true airspeed) due to the large percentage
of unstable flights encountered. These unstable flights
were attributed to a large pitching motion developed immedi-
ately after release, which in turn results from ejccting the
Mk 81 and 11 82 bombs from the Aero 7A bomb ejector rack
(the ejector foot of this rack contacts these bombs at a
point 3 to 5 inches aft of the center of gravity of the
borbs). Some methods of reducing this pitching motion were
suggested and results from certain pertinent tests are
reported in reference 3.

The !1k 81 and Mc 82 bombs will not be dropped under
the conditions of the above tests because of the large per-
centage of unstable flights which would result0  (See refer-
ence 4 which restricts the use of bombs below the 500
pound category; the 500 pound bomb is considered unsatis-
factory but is not restricted.) However, other low drag
bombs and Army-Navy type bombs are expected to have appreci-
able pitch when released from the A3D airplane. A modifi-
cation of the ejector cartridge used with the Mc 82 bomb,
now under consideration, is expected to result in lower but
perhaps still appreciable pitch. It is therefore desirable
to consider the results of the tests further in order to
determine the best method of preparing bombing *ables for

I CONFIDENTIAL
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boinmbs released from the A3D aircraft with large initial
pitch. Extensive tests to determine applicable bombing table
data over the operational limits of the airplane would be
expensive and time consuming. An alternate procedure is
suggested in this report; namely, that the first maximum pitch
of bombs released from the A3D airplane be predicted by
theoretical means by considering the pitching moment pro-
duced by the Aero 7A rack and assuming free stream condi-
tions (i.e., assuming that the airflow on the bomb at the
instant of release is equivalent to the airspeed of the air-
craft). The reduced airflow for that part of the bomb's
trajectory within the bomb bay (about two feet) and the
difference in direction of airflow because of circulation
around the aircraft are neglected, The application of this
theory in computations involving various bombs and a wide
range of release conditions is discussed in this report.
Once the first maximum pitch of the bombs is known one can
then attempt to predict the effect on range due to this
pitch. The range effect due to the moderate values of
first maximum pitch observed for the Ik 81 and II 82 bombs
released from the AD aircraft in a dive has been success-
fully determined. (See reference 5.) A study is now under
way to determine whether this procedure can be used to com-
pute the effects on the range of low drag bombs released
under more severe conditions from A3D aircraft.

DESCRIPTION OF MATERIAL

Bombs

The physical characteristics of the 1k 8I and 1k 82
low drag bombs, and the other bombs in the low drag bomb
family (for which the results given in this report are also
applicable) are given in Table 2. The weights and center
of gravity positions of the individual .K 81 and ik 92 low
drag bombs considered in this report are given in Appendix A,
Tables 2 through 5. The Low Drag General Purpose Bombs,
YNk 81, 11 82, ik 83 and IMk 84, with nose fuze plugs, and the
Low Drag Practice Bombs :k P6, Mk 87 and I'k 88 incorporate
the general features of the Douglas Low Drag Bomb Shape.
(The nose fuze plug is designed for use with the electric
fuzes now under development for the low drag general pur-
pose bombs.) 1When the AN/11-IO3A1 mechanical nose fuze is
used it replaces the ogival nose fuze plug and changes the
bomb t s configuration and center of gravity position mar!cedl
(see Appendix A). The low drag practice bombs can be filled
with either water or wet sand, but do not have fuzing cap-
abilities.

2 CONFIDENTIAL
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The fins of all of the above bombs are nominally
canted 2.0 degrees in the direction that will cause the
bomb to spin clockwise as viewed froi the rear. All bombs
except the Mk 84 are equipped with two suspension lugs
14 inches apart and a hoisting lug midway between the
suspension lugs. The Mk 84 bomb is equipped with two sus-
pension lugs which are 30 inches apart.

Bomb Rack

The Douglas Aero 7A 4-hook bomb ejector rack combines,
in a single lightweight unit, a 14-inch 2-hook rack and a
30-inch 2-hook rack, each type employing a cartridge
actuated ejector. The rack uses a piston type ejector
foot, mounted 3.5 inches aft of the mid-point between the
lug hooks, which was designed to produce a large tail-down
moment and, consequently, safe separation of special wea-
pon stores.

During the tests considered in this report the
Aero 7A bomb ejector rack was fitted with two Mk 2 Mod 0
cartridges for ejection of the 250 pound Mk 81 bomb and one
Mk 2 Mod 0 and one Ilk 1 Mod 2 cartridge for the 500 pound
Mk 82 bomb. The theoretical predictions of first maximum
pitch, reported herein are based on a release from the
Aero 7A rack equipped with (1) two Mk 2 Mod 0 cartridges
for bombs weighing less than 500 pounds and (2) one
Mk 2 Mod 0 and one Mk 1 Mod 2 cartridge for bombs weighing
500 pounds or more.

The ejection velocity was obtained for each bomb-
ejector cartridge combination from the BUAER Ejection
Velocity Chart (see Figure 1), Appendix A, and scaled
proportionately on the basis of data obtained at the
Naval Weapons Laboratory during ground ejection tests of a
cylindrical body equivalent (in weight) to the Mk 81 low
drag bomb (see reference 6). The BUAER Ejection Velocity
Chart indicates an expected 25.5 feet per second ejection
velocity when two Mk 2 Mod 0 cartridges are used for ejec-
tion of the 250 lb Mk 81 bomb, while an ejection velocity
of 19.4 feet per second was observed in limited ground tests
conducted at the Naval Weapons Laboratory. (Additional
ground tests, the results of which are unpublished, yielded
further information which tends to validate the scaled data.)

4 CONFIDENTIAL
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PROCEDURE

Low Drag Bombs Mk 81 and X-: 82 were released from
A3D-1 and A3D-2 type airplanes in joint NATC-NWL tests con-
ducted during the period 31 August 1956 through 16 July 1957.
Detailed test conditions are given in Tables 2 through 5,
Appendix A. A summary of these test conditions is given
below:

Fuze Avg. First
Type Config- Upper Figure-Number of Bombs Tested Max. Observed
Bomb uration Lower Figure-Nominal True Airspeed (kt) Pitch (deg)

11 4 2
Mk 81 Nose Plug 250 390 500 61 54 46

8
Nk 81 AN/M-103A1 250 46

3 7 5
Mk 82 Nose Plug 270 380 490 56 40 34

8 1 4
Mk 82 AN/M-103A1 230 320 470 57 38 30

The test equipment used in these tests was similar to
that described in reference 7 except that in some instances
the tracking cameras were fitted with a 48 inch focal length
Thompson lens with a doubler that gave an effective focal
length of 96 inches.

The yaw histories were computed for each bomb tested
from measurements of the apparent attitude of the bomb axis
in successive ground camera photographs. The first maximum
j tch (total yaw during the first few seconds of flight was
confined almost entirely to the vertical plane) in every
case was tail downward, and is given for each bomb in
Tables 2 through 5, and Figures 2 and 3, Appendix A.

The method used in computing the data above is essen-
tially that given in reference 7 3xcept that in this case
the computations are based on the camera records from only
one station with the assumption that the total yaw of the
bomb was exactly confined to a vertical plane.

5 CONFIDENTIAL
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The theoretical first maximum pitch due to the ejection
force imparted by the Aero 7A ejector foot was computed for
each bomb tested using the formulae given in Appendix B
which assumes that (a the air stream through which the
bomb falls is unaffected by the presence of the airplane and
(b) the aerodynamic restoring and damping moments are linear
functions of the angle of attack. Values of -3.8 and -165.0
were used for the areodynamic parameters Cma (the restoring
moment coefficient) and Cmq (the damping moment coefficient),
respectively, for all test conditions. The individual
release conditions and center of gravity positions of each
bomb and the average weight and moment of inertia of the
bombs were used in the computations.

A comparison of the theoretical and observed first
maximum pitch is presented in Tables 2 through 5, Appendix A,
and in Figures 4 through 6, Appendix A.

A Targe percentage of the Mk 81 and Mk 82 bombs released
from the A3D airplane had bad flight (see reference 2).
Some of these bombs had large total yaw (referring to that
angle between the velocity vector and the axis of the bomb)
throughout their trajectories while others exhibited this
behaviour for a relatively short time (from 3 to 12 seconds).
In all instances, where the information could be obtained,
the large total yaw was found to have occurred during a
time when the spin and yaw rates of the bombs were equal.
There is no apparent correlation between the relatively
small variations in the magnitude of the first maximum
pitch of the bombs at a given release condition and the bad
flight (see Figures 2 through 6, Appendix A). Therefore,
the first maximum pitch for the bombs which had bad flight
will not be excluded in the comparison of observed and com-
puted first maximum pitch in this report. There is no
apparent correlation between the magnitude of the first max-
imum pitch and bomb rack position in the bomb bay (see Fig-
ures 4 and 5, Appendix A). Rack position, therefor will
not be considered in the analysis reported herein.

6 CONFIDENTIAL
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RESULTS

It is evident that a difference of approximately
15 degrees exists (see Figure 2, Appendix A) when a com-
parison is made between the magnitude of the observed first
maximum pitch of the Mk 81 bomb with nose fuse plug and
that of the Mk 81 bomb with the AN/M-103A1 mechanical time
fuse, This difference is due to the change in the length of
the moment arm for the Mk 81 bomb (about 1.5 inches less
on the average for the bomb with fuse than for the bomb
with nose fuze plug, see Tables 2 and 3, Appendix A, and
Figure 7 of Appendix C). No difference is noted between
the magnitude of the observed first maximum pitch of the
Mk 82 bomb with nose fuse and that of the Mk 82 bomb with
nose fuze plug although in this case the average differ-
ence in the length of the moment arm was 0,8 incho The
data of Figure 8, Appendix C, show that this difference in
moment arm would lead to a difference in first maximum
pitch of 6 to 10 degrees over the conditions of the subject
test* The experimental data at low-values of dynamic pres-
sure fail to show this difference but at the higher values
of Q the bombs with nose plug generally have a larger value
of pitch, as expected.

The theoretical calculations of first maximum pitch
for the Mk 82 bomb with nose fuse plug and with AN/M-103A1
mechanical nose fuse are in very good agreement with the
observations (see Figures 5 and 6). In view of the accuracy
of the observed first maximum pitch (in general about ±3 to 5
degrees) the above comparison for the Mk 82 low drag bomb
is considered satisfactory.

The comparison of the theoretical first maximum pitch
with the values observed for the Mk 81 bombs indicates that
the theoretical values agree with those observed in the
region of dynamic pressure of 5000 lb/ft--sec 2 . At larger
values of dynamic pressure the theoretical and measured
values fail to match by 10 to 20 degrees. It is believed
that this much discrepancy is acceptable but a final answer
on this point cannot be obtained until the sensitivity of
the impact point of the bomb to the magnitude of the first
maximum pitch is determined.

7 CONFIDENTIAL
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Since the theoretical values of first maximum pitch
appear to match the observed values satisfactorily (for the
range of release conditions tested) it is believed that this
method can be used to predict the first maximum pitch of
other bombs under certain conditions, thus eliminating the
necessity of actually testing at numerous release conditions.
The predictions should be limited to bombs which (a) are
ejected with similar or larger ejection velocities, (b) have
an angular velocity not exceeding 300 degrees per second,
and (c) have similar or larger ratios of weight to product
of length and diameter in order to avoid conditions where
the lift forces due to the local air stream about the air-
craft may become important. Predictions of initial pitch
greater than the value of 70 degrees made under the test
conditions reported herein may be invalid because the
assumption of free stream flow may no longer be satisfactory
when the bomb has very large initial angular rate. (Data
for bombs ejected with smaller velocities are now being
obtained and will be analyzed as soon as they become avail-
able.)

Information on the initial pitch is of value in the
computation of ballistic tables since it can be used in com-
puting the effect on range due to launching phenompna. As
a result of an investigation reported in reference 5 it has
been concluded that satisfactory results can be obtained
(assuming that the necessary aerodynamic data are available)
by using this method, at least for the moderate values of
initial yaw (15 to 30 degrees) observed for bombs released
from the AD aircraft in dive° A study of the accuracy of
the prediction of range effects for the more severe con-
ditions discussed in this report is under way. The computed
theoretical first maximum pitch for various low drag bombs
is given in Appendix C, Tables 6 through 15 and Figures 7
through 16. Each table and figure covers the operational
limitations of the A3D type airplane with respect to alti-
tude and airspeed. It should be noted that the accuracy of
the data for the water filled Mk 86, Mk 87 and Mk 88 bombs,
which have smaller w6ight to longitudinal cross section
area ratios than the Mk 81 and Vk 82 bombs, is subject to
question. Although the Mk 84 bomb has smaller ejection
velocity than the bombs tested, the accuracy of the data is
probably adequate because of its higher ratio of weight to
cross sectional area.

8 CONFIDENTIAL
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Based on the results obtained in the comparison of
observed and theoretical first maximum pitch for the Mk 81
and Nk 82 low drag bombs it in concluded that:

a* The theoretical solution assuming free stream
conditions and linear aerodynamic moments is a satisfactory
method of predicting first maximum pitch for the conditions
under which the test data were obtained.

b. The difference between the observed first maximum
pitch of the Mk 81 bomb with nose plug and that of the
Mk 81 bomb with nose fuse is due to the difference in the
positions of center of gravity which results in the bombs
being ejected with different angular rates*

c. There is no apparent correlation between the
magnitude of the first maximum pitch and the location of the
bomb rack in the bomb bay.

d. There is no apparent difference between the
magnitudes of the first maximum pitch of those bombs that
had bad flight and those bombs that had good flight (when
released at the same conditions).

In addition, it is believed that the theoretical free
stream solution developed herein will satisfactorily pre-
dict the first maximum pitch of other low drag bombs
ejected from the A3D airplane by the Aero 7A bomb rack
provided that (a) the ejection velocity of the bombs is at
least 10 feet per second, (b) the angular velocity of the
bombs at release does not exceed 300 degrees per second,
and (c) the ratio of weight to longitudinal cross section
area of the bombs is no smaller than that of the subject
bombs.

FUTuM PLAYS

The effect on range due to first maximum pitch of
Mk 81 and Mk 82 bombs is being determined by the computa-
tion of trajectories. If theme ranges sAtisfactorily
match the observed ranges (see reference2),.it is planned
to incorporate into the computations of ballistic tables
corrections for the effect on range due to first maximum pitch.

9 CONFIDENTIAL
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Ballistic data are now being obtained on the Mk 83 low
drag bomb with the AN/M-103AI mechanical nose fuse and with
nose fuse plug, and the Mk 84 low drag bomb with nose fuse
plug. With these data and the results of previous tests
of the Mk 83 bomb reported in reference 8, further compari-
son of observed and theoretical first maximum pitch will be
made.
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DERIVATION OF THE EQUATION
USED TO CALCULATE FIRST MAXIMUM PITCH

The ejection force of the launcher is assumed to be
constant through the ejection stroke and to have a value
which would produce the ejection velocity measured in
static tests (in the static tests the launcher was placed
on its side and hence "gravity free" values of velocity
were obtained). The aerodynamic restoring and damping
moments were assumed to be a linear function of angle of
qttack. The bomb had no appreciable spin. The value of
angle of attack at the end of the ejector stroke was cal-
culated for the extreme test conditions, was found to be
small (less than five degrees) and is neglected in the
derivation.

The acceleration, a, due to the ejection force is
approximated by the following equation:

a - Ej 2/2A,

where Ej - the vertical velocity, obtained at the end of
the ejector stroke, which would be produced in
a gravity free situation.

I- the length of the ejection stroke (0.533 feet).

For bombs ejected from aircraft flying horizontally,
the vertical acceleration of the center of gravity, y, is

2

The ejection time, tej, is given by

tej- (Z) /2 w 2
1 /(Ej + 2 Lg)1

where L is the value of y at the end of the ejection
stroke.
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The angular acceleration of the bomb body, U'ej during
ejection, is approximated by

la ej dma

o .dm EJ2/12,t
or aej - I

where d - the moment arm, i.e., the distance from the
bomb's center of gravity to a point on the
bomb axis directly under the forward edge of
the bomb ejector foot,

m - the mass of the bomb, and

I - the transverse moment of inertia measured
through the bomb's center of gravity.

Then the angular velocity of the bomb at the end of the
ejection stroke

dE 2  dE 12 (_____
& ej - I ( 2

I , (Ei + 2 g

The angle of attack of a bomb, assuming linear theory,
is

\ ica )t + ico 2)t
a . K1e  + K2e

If spin can be neglected (since it is negligible during the

first maximum pitch), the w, is equal to - w2' while l, is

equal to ?2* Making these substitutions, neglecting the

value of angle of attack at the end of the ejector stroke,
and evaluating the constants of integration K1 and K2 ,

a - sin cot e;t

2C ONFIDENTI AL
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1/2

where w - the pitch rate (radians/sec) - -C mU 7 '0 I )

and >, n the pitch damping 
factor = a 7*P h

where 0. - the restoring moment coefficient,

Cmq - the damping moment coefficient,

V - the true airspeed,

b - the diameter of the bomb,

Ph - the density at altitude "h".

The magnitude of the pitch at the end of a quarter cycle,
is given by

2 "-
d+E 2

3 OFIg)l2NTI
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217-LB MK 86 LOW DRAG PRACTICE BOMB (WET SAND FILLED)
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221 -LB MVK 87 LOW DRAG PRACTICE BOMB (WATER FILLED)
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333-LB MK 87 LOW DRAG PRACTICE BOMB (WET SAND FILLED)

060
w
w
go:

24-

x

0I30

1 0

0

I P.5 a t0 20 30 40
DYNAMIC PRESSURE /1000 (Lil/FT -SIC)

0
:z0o 0*3o,00

i'20 
0mo

W -01

300

S40- QQSooO

06

8 Ctoo zoo 300 400 500 g00

TRUE AIR SPEED (KNOTS)

FIGURE 14

CON FIDtNTIAI.



CONFIDENTIAL

458-LB MK 88 LOW DRAG PRACTICE BOMB (WATER FILLED)
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783-LB MK 88 LOW DRAG PRACTICE BOMB (WET SAND FILLED)
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